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SOLID RESIDUALS MANAGEMENT:
SOME ECONOMIC CONSIDERATIONS
WALTER 0. SPOFFORD, JR.t
According to the national "solid waste" survey conducted by the
Public Health Service in 1967, approximately 3.5 billion tons of solid
residuals are generated each year in this country from household,
commercial, agricultural, animal, industrial and mining activities. An
estimated 4.5 billion dollars annually are spent to handle and dispose
of them.' We are also told the expenditure for solid residuals
collection and disposal services for most communities is exceeded by
only two other items on the municipal budget: schools; and
highways, streets and roads. These rather impressive figures certainly
help put the solid residuals problem in perspective, but unfortunately
do not help us at all to understand the bases for the marked increase
in the quantities of residuals generated, the increasing costs of
residuals management, or the associated deterioration in the quality
of the environment-problems which are all related and which stem,
in part, from the way we currently allocate resources consisting of a
mixture of both public and private goods.
In the case of environmental quality management, of which solid
residuals management is an essential component, the welfare
economist is chiefly concerned with resolving the apparent conflict
between our ever increasing material and energy wants on the one
hand, and a decent quality environment on the other. This problem
is not as straightforward as it might appear at first glance. Such an
analysis requires a much better understanding than we presently have
of the overall system-the social, economic, political, ecological, and
technological aspects-and especially of how all the components fit
together.
Very often our approaches to some of these problems have been
of the piecemeal variety-such as an outright ban on a product, e.g.,
phosphate detergents and non-returnable containers-where we have
attempted to remedy the obvious and hoped the problem would
disappear. Frequently a course of action has been taken before a
study could be made to delineate the ramifications of the strategy
tResearch Associate, Resources for the Future, Inc., Washington, D.C. This article reflects the views of the author and not necessarily those of Resources for the Future. The
author is particularly indebted to his colleague Blair Bower for his many helpful comments
and suggestions throughout the preparation of this paper. In addition, valuable criticism of
an earlier draft was received from Clifford Russell and Thomas Quimby, both of Resources
for the Future.
1. HEW, The National Solid Waste Survey (1968).
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chosen, only to find out that this caused another, perhaps even more
serious, problem. A good example of this in recent years were the
regulations on emissions from apartment house incinerators in New
York City which resulted in tons of additional solid "wastes" which
could not be handled adequately by the city's sanitation department.
Currently, the political atmosphere is such that some action in the
environmental quality area is inevitable. Decisions will be made to
allocate more of our resources to maintaining, and ,in many cases
improving, the quality of the environment. The basic question relating to these decisions is to what extent will a course of action be
taken before estimates of all the social costs and benefits have been
made and evaluated (either quantitatively or qualitatively)? To provide a better understanding of these kinds of decision situations,
some examples are presented, each of which involves materials reuse.
This is intentional because reuse-recycling and reclamation-is currently such a widely discussed, and sometimes controversial, issue.
Much of this paper addresses directly the role that materials reuse
might play in reducing residuals handling and disposal costs, and also
in improving environmental quality.
A. Some examples
Once generated, the only way to reduce the quantities of material
residuals which ultimately must be disposed to the environment is
through increased levels of materials reuse.2 Up to this point in time,
very few (if any) studies have been made where all the pertinent
components of reuse system(s) have been delineated, and where an
attempt has been made to determine whether or not increased reuse
of a given material would be desirable from society's point of view,
and if it were, what the optimal reuse ratio would be. Many have
worked on pieces of the reuse problem, but few have looked at the
entire system. Three examples to illustrate this are mentioned here,
and one is discussed in detail subsequently: (1) paper residuals; (2)
returnable vs. non-returnable containers; and (3) municipal composting.
Before proceeding, some definitions are necessary. Residuals have
been defined in a previous article of this Journal.' As noted therein,
there are only two "ultimate" dispositions for residuals: one, discharge into the environment with or without modification; and two,
reuse as an input into some economic activity. Two basic types of
reuse can be identified, "recycling" and "reclamation." The former
refers to residuals from production activities which become inputs
2. Excluding carbon dioxide and water vapor.
3. Bower and Spofford, Jr., Environmental Quality Management, 10 Nat. R. J. 655

(1970).
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into a production process, either the same one in which they were
generated, or another process-which can be at the same or a different location. Arbitrarily these two subtypes are termed "direct
recycling" and "indirect recycling," respectively.4 The factor
(criterion) which distinguishes recycling from reclamation is that the
recycled residual has not gone through the hands of a "user"; it is a
production residual or an intermediate product, not a "final
product" or a residual from a "consumption" activity.
Reclamation refers to the reuse of residuals which have been a, or
part of a, final product and have been discharged by a user-a junked
vehicle, for example. Reclamation can also be usefully subdivided
into two categories depending upon the form of the residual,
"separate" and "mixed." The former refers to an unmixed residual,
such as used cable, used (but separated) newspapers, and discarded
vehicles;' the latter, to residuals which are comprised of a mixture of
materials, such as municipal refuse which consists of paper products;
garbage; glass, plastic and metal containers; yard debris; and so on.
The separate or unmixed residuals may or may not have been discharged to the environment prior to reclamation, as with discarded
vehicles and containers along highways.
Recycling and reclamation are both indicated in Figure 1 where a
schematic diagram of reuse paths for paper residuals is presented.
Finally, although there are many ways to define the reuse ratio or
reuse level for a particular material, we define it here to equal the
quantity of reused raw material input to a production process which
has been prepared from residuals generated in materials converting
and consumption (use) activities, divided by the sum of the "virgin"
raw material and reused raw material inputs. As shown by the paper
residuals example presented in Figure 1, the reuse ratio, RR, may be
expressed as,
RR

IRM
= I RM
IVM + IRM INM

where for this example,
IRM = reused material input (furnish from reclaimed fiber)
IVM = virgin material input (wood pulp)
INM = net material input (furnish minus fiber recycled directly
from the paper-making machine)
4. To the extent that direct and indirect recycling would be undertaken in the absence of
environmental quality controls, they are part of the production process, not part of
residuals handling.
S. Although in the sense used here discarded vehicles can be considered an unmixed
residual, it should be noted that a variety of residuals are represented, most notably, steel,
chromium, copper, aluminum, glass, plastic, and rubber.
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FIGURE 1
Reuse Paths for Paper Residuals

B. Paper residuals
According to a National Academy of Engineering-National
Academy of Sciences report on solid waste management, paper and
paper board production is projected to be 100 million tons by 1985,
a 100 percent increase over the 1967 activity levels. 6 It is further
stated in this report that a goal of supplying at least 50 percent of
this growth (or 25 million tons) from reused fiber appears to be a
realistically attainable, technologically possible, and economically
feasible objective. When the 25 million tons of reused fiber from the
projected growth is added to the present (1967) quantities reusedapproximately
10 million tons-the implied reuse level for 1985 is 35
7
percent.
This particular reuse ratio for paper and board suggested by the
NAE-NAS committee for 1985 is, incidentally, approximately the
same as the historic level attained during World War II. But we must
recognize that technologic and economic conditions have changed.
Furthermore, this "optimal level" refers to a nation-wide average; it
would differ for different sections of the country; for urban,
6. Nat'l Academy of Engineering-Nat'l Academy of Sciences, Policies for Solid Waste
Management, Bureau of Solid Waste Management (1970).
7. Thirty five million tons total reused fiber divided by 100 million tons paper and
paperboard production which has been projected for 1985.
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suburban, and rural areas; and for different kinds of paper residuals.'
The question is whether this average figure is too high, about right,
or way too low. An answer is not possible without a detailed, overall
study.
We will return to the paper reuse question in a later section where
we discuss in some detail all the factors which would need to be
included in an analysis for determining a socially optimal reuse level.
C Returnable vs. non-returnable containers
The increased interest in the returnable, non-returnable container
issue appears to have grown out of a concern both over litter and the
costs of handling and disposing of solid residuals. 9 Legislation
banning non-returnable containers in some communities is a good
example of going ahead with an action without first examining carefully all the social costs and benefits associated with such a policy.
For example, it is not at all apparent from the few studies that have
been made that banning non-returnable containers will achieve all
that is expected in the area of litter. True, it will have some direct
impact on ordinary solid residuals handling and disposal costs. Just
how much is difficult to estimate, especially the collection costs. But
what about the additional costs to the supermarkets, to the consumers who must store and return these containers; and the generation of additional residuals associated with returning containers to
the distributor, for washing and sterilizing prior to reuse? Have these
costs been considered? Maybe what should be seriously considered is
reusing non-refillable containers rather than banning them. Several
uses have been found for old glass containers including the manufacture of new glass containers, the production of a street and
highway material known as "glasphalt," and the production of such
building materials as bricks and insulation.
The answers to these questions require looking at the problem
systematically.
D. Municipal composting
The third and last example is the use of municipal compost on
land. Those who advocate this use, generally attempt to make their
8. We also recognize that there apparently is very little agreement on how the reuse level
is (or should be) computed. For example, does it include processing and mill scrap as well as
converting and "consumption" residuals; is the quantity of recycled material divided by the
gross product output or the net output; or what? For our purposes, we will use the definition presented earlier.
9. It should be noted that plastic, glass, and metallic "non-returnable" containers comprise generally less than 10 percent by weight of municipal mixed refuse.
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The agricultural value of

rebuilding soil structure has been discussed by many. Commoner,"
for example, points out that high levels of organic nitrogen, in the

form of humus, is required to maintain a porous soil structure. This
is important because the energy needed by the plant to absorb
nutrients is released by biological oxidation processes in the roots.
And these processes require oxygen which can reach the roots only if
the soil is sufficiently porous. Hence, soil porosity which is governed

hy its physical structure, oxygen content of the root zone, and the
efficiency of nutrient absorption are all closely related to the organic

nitrogen content of the soil.
With the depletion of the organic store of nitrogen in the soil,
chemical fertilizers-usually in the form of nitrates-were added in
order

to maintain,

and

in some

places

improve,

agricultural

productivity. Studies have shown that while nitrate fertilizer sustains
crop growth, it fails to rebuild the humus nitrogen lost from the soil.
Hence, soil porosity deteriorates, biological oxidation processes in

the roots become more difficult, and plant roots are unable to take
up all of the nitrate made available to them by the added nitrate
fertilizer.' 2
Another, perhaps even more serious, problem associated with a
continued depletion of the organic nitrogen content of the soil which
ultimately results in a decrease in the soil's efficiency in transferring
nutrients to the crops, is the runoff and seepage of nutrients from
the soil. In virgin land, only a very small amount of nitrate escapes

the plant's root systems and leaches out into surface waters, or
escapes to the air as volatile compounds.' " Seepage and runoff from

agricultural areas are reported by some authorities to contribute vast
quantities of nitrogen to groundwaters and surface waters respectively.1

4

Much of the increase is due to the combination of a

10. Many who advocate returning municipal compost to the land also advocate returning
with it the sludge and effluent of secondary municipal sewage treatment plants. The latter,
especially the secondary sewage treatment plant effluent, is relatively high in nutrient content and thus increases the value of the combination as a fertilizer. According to Terman,
the positive yield effects of compost seem to be partly a result of improving both the
physical condition of the soil and its water holding capacity, and partly a result of its
content of plant nutrients. Terman, Utilization and/or Disposal of Urban Waste Compost on
Agricultural Land, TVA Activities Related to Study and Control of Eutrophication in The
Tennessee Valley, Sept. 1970, at 82.
11. B. Commoner, Threats to the Integrity of the Nitrogen Cycle: Nitrogen Compounds
in Soil, Water, Atmosphere and Precipitation, Global Effects of Environmental Pollution, at
70 (Singer ed. 1970).
12. Id. at 74. In particular see G.E. Smith, Sanborn Field (College of Agriculture, U. of
Mo. Bull. 458, 1942).
13. Supra note 11, at 72.
14. Other authorities, however, point out that although it is safe to assume that some
nutrient runoff occurs, it's not at all clear how much runs off and under what conditions.
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low organic nitrogen content of the soil which, as has been reported
above, reduces the plant's ability to take up the available nitrogen,
and the use of more than adequate quantities of relatively inexpensive, water soluble, inorganic sources of nitrogen. Under these
conditions, the portion of nitrate nitrogen that isn't taken up by the
plant roots is easily leached during the next application of watereither irrigation or rain water. Hence, more nitrogen has to be
applied (some of which may also run off) to provide sufficient
amounts for plants throughout the growing season. Commoner" s
points out that in order to alleviate the situation, the following
remedies are available: the use of slow-release fertilizers (which could
be chemical fertilizers), more careful seasonal timing of fertilizer
applications, and precise determination of the optimum amount and
rate of fertilizer applications.'6 But he emphasizes that such
measures do not get to the root of the problem as we have discussed
above.
With respect to the problem of nutrient runoff from farm lands,
the farmer no more pays for the "externalities" imposed on society
by his nitrogen runoff than does the industrial firm that discharges
particulates and oxides of sulfur. If the farmer were to pay a charge
(or tax) on his nitrogen discharges, he might be encouraged to purchase a more costly, slow release organic form of nitrogen or he
might attempt to rebuild his soil by increasing the organic nitrogen
content. In such a situation, the use of municipal compost might be a
viable alternative. Naturally, this will vary from area to area in the
country, but a good quantitative study remains to be made of the
municipal solid residuals-agricultural operations-agricultural residuals
total system.
The problem basic to the three examples presented above is that
remedies-either through explicit action or by default-have been
advanced without an analysis of all the ramifications of the action, or
an analysis of all the relevant social costs and benefits. Further, many
of the alternatives-technological, economic, legal and political-have
never even been considered.
Before proceeding, it might be useful to point out that there are
two issues related to solid residuals management (or more broadly,
residuals management) which, unfortunately, have confused many
people. They are: (1) the pervasive misconception of the term "ecoThe nutrient loss problem is exceedingly complex since it is influenced by a multitude of
factors-both naturally occurring and manmade. Furthermore, sound data are not easily
obtained, nor is interpretation of the data easy. Kilmer, Fertilizer Use and Water Quality,
supra note 10, at 80.
1S. Supra note 11, at 92.

16. Supra note 14, at 81.
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nomics" and, (2) the failure of the private market system to allocate
efficiently certain common property resources.1 7 Both of these
issues will be dealt with in detail later on, but the former-the use of
the term "economics"-we feel deserves some, yet brief, discussion at
the beginning of this article.
Economics is that branch of science which deals with the allocation of scarce resources. Although all rational decisions are based on
costs and benefits (however valued), different activities or economic
units face very different cost and benefit functions on matters of
residuals disposal. From the private entrepreneur's standpoint,
market prices reflect essentially all of his costs and benefits. Hence,
this is what he bases his decisions on. This is the essence of that
theory in economics known as "economics of the firm" and, in fact,
is what most people conceive as being "economics."
From society's point of view, however, market prices generally do
not capture all the relevant social costs and benefits, especially where
the allocation of public goods-such as the atmosphere, water
courses, and some aspects of the land-are involved. The private
entrepreneur, for example, rarely is forced to take into consideration
all the damages associated with the impacts of his activities on the
quality of the environment, whereas, society as a whole (by definition) certainly would. Consequently, in situations where "externalities" or spillover effects occur, the private market optimum does
not conform to the social optimum. The latter-that is, the social
optimum-can be determined by including all the relevant social
costs and benefits-market as well as non-market-in the analysis.
This is the essence of that branch of economics known as "welfare
economics."
The discussion which follows is based on the notion that what we
must attempt to do in the area of environmental quality management
is look at the problem from society's point of view.
E. Reducing the quantitiesof residuals discharged to the environment
The quantities of material residuals which are ultimately discharged to the environment may be reduced by: (1) decreasing the
quantities of residuals generated in production and consumption
activities, and (2) increasing the levels of material reuse.' ' Reducing
17. The concept of a common property resource encompasses those attributes of the
natural world which cannot be, or can be only imperfectly, reduced to individual ownership
and therefore do not enter into the process of market exchange and the price system.
Kneese, Protectingour Environment and NaturalResources in the 1970's, Testimony Before
Subcomm. on Conservation and Natural Resources of the House Comm. on Gov't Operations (Feb. 6, 1970).
18. These alternatives are the only ones available to us for reducing the total quantities
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the generation of residuals may be accomplished by: (i) changing the
nature of the product output, i.e., change in product specification,
for example, the change from high phosphate to low phosphate (or
no phosphate) detergents; (ii) reducing production levels of a particular product through regulation or relative price change (tax) such
as the restrictions on the uses of persistent pesticides, for example,
DDT; (iii) using substitute raw material inputs (or input mix) such as
a switch from high to low sulfur fuel; (iv) employing different technologies of production and consumption, such as processes which
convert energy more efficiently; and (v) increasing the useful lifetime
of "durable" goods, such as automobiles, buildings, and machinery.
The second method, increasing the level of reuse, can be accomplished by recycling-direct and indirect-and by reclamation from
either mixed or separated solid residuals. These are the foci of this
discussion.
F. Materialsreuse
The extent of materials reuse is a function of the combination of
private market prices, and public and private constraints and incentives.1 9 From the private or market point of view, the economic
feasibility of materials reuse depends on: the availability of a consistent supply of residuals of a specified quality and quantity;
processing and/or reprocessing technology; and product output
specifications. Other factors remaining the same, as the extent of
materials reuse increases, virgin raw material inputs decrease, activity
levels of treatment processes decrease (although not always), and the
quantities of material residuals discharged to the environment decrease (again, not always)." For the past few years, it has been
profitable in the private market to reuse only a portion of the many
material residuals generated. In 1966, for example, the extent of
reuse for some materials was as follows: 2 1 paper and paperboard, 21
of residuals that must be disposed of in the environment. However, environmental quality
can also be influenced by changing, or making better use of, the assimilative capacity of the

environment, e.g., instream aeration, low flow augmentation, properly operated sanitary
landfills, changing the time and/or spatial pattern of discharges.
19. For an example of a private incentive, Rodale Press, Inc., Emmaus, Pennsylvania, has
a requirement that a certain percentage of reused paper will be used in the printing paper
they purchase. An example of a constraint on the use of material residuals would be a
material specification rather than a performance specification, such as a requirement that

certain paper will be made from 100 percent virgin pulp, instead of a requirement that the
paper have a certain strength, opacity, et. al.
20. Additional residuals will be generated in the processing of the residuals, as well as in
the transport of these residuals, just as residuals are generated in the processing and transport of "virgin" raw materials.
21. Here again, we are aware of the many ways one may compute this reuse ratio, using
the elements (material flows) shown in Figure 1. These data were taken from the literature
and may or may not be based on the definition presented earlier.
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percent; iron and steel, 45 percent; aluminum, 20 percent; copper,
42 percent; zinc, 25 percent; and rubber, 12 percent. For the case of
ferrous and non-ferrous materials, however, the problem is not so
much in the costs of the residuals processing step itself (although
high capital intensity processes, such as the automobile shredder,
require sufficient inputs in order to achieve low unit costs of production),2 2 as it is in the costs of the material inputs to the residuals
processing operation. These are mostly collection costs, i.e., of providing the flow of a specific residual to a central processor (e.g.,
automobiles, tin plated steel cans, aluminum products and glass containers). In other situations, however, the level of materials reuse is
low because of insufficient (or no) markets2 3 for the processed
residuals-for example, compost from municipal refuse and low grade
paper stocks-and/or because of excessive residuals processing costs,
such as might be involved with the manual separation of paper from
municipal refuse or the manual separation of copper and other contaminants from automobile hulks.
G. Relative prices: virgin vs. residualraw materials
Given a productive capacity to utilize various quantities of residual
raw materials in the production of a specified product or products
(together with the necessary institutions), relative prices of factor
inputs are probably the most effective means of influencing the flows
of materials to, and from, production and consumption activities.
There is probably no reuse operation or industry that could not be
expanded if the market price of the output were higher or the cost of
these materials were lower. It is quite common for materials reuse to
expand during periods of shortage of (and higher prices for) the
competitive virgin raw material. The most notable example was during World War II.
Reused materials must compete with "virgin" materials. Furthermore, whenever a material is qualitatively inferior in some respect to
a virgin material, it must be deliverable at a lower price in order to
compete at all with its higher quality alternative. 2 4 Indeed, even
22. For example, shredders require a capital outlay of from one to three million dollars
and need about 200 vehicles a day to make them economical operations under current
market conditions. Va. Comm. on Discarded Vehicles, Rep. to Governor of Va. at 4 (1970).
23. Processed residuals are usually used as raw material inputs to primary production
processes, although not always.
24. E.g., at the June 1970 meeting of the Midwestern Division of the National Association of Secondary Materials Institute (NASMI) in St. Louis, one of the comments at the
meeting of the Solid Waste Utilization Committee was: "when we are able to put old
containers into linerboard mills at a $10 (per ton) advantage over the cost of producing
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where quality differences are negligible, or nonexistent, suppliers of
residual raw materials frequently face difficulties in overcoming user
biases against employment of these residuals.
In the past, prices of residual materials have changed significantly
over time with current supply and demand. What isn't economically
feasible today, may be tomorrow (and the reverse, as in the case of
steel scrap and the increased utilization of the basic oxygen furnace
in steel making during the 1950's and 1960's). Today's prices, for
example, generally do not reflect all the social costs associated with
residuals generation and disposal, although with the current emphasis
on air and water quality standards, prices are starting to include at
least a portion of these costs. In many cases, no costs are imposed on
the producer for his use of the assimilative capacity of the environment as a factor input to his production process. If a fee were imposed on residuals discharged to the environment(s), relative prices
of factor inputs to production would shift and process changes
and/or increased reuse might very well be stimulated (keeping in
mind, of course, that processing of residuals also generates residuals).
Imposing this "effluent charge" would tend to induce alternative
combinations of raw material inputs; production processes; types of
product outputs; material reuse; and residuals handling, modification
and disposal.
Materials reuse would increase if the costs of processing residuals
for inputs to production and consumption activities were decreased
either through (i) changes in specifications of final product outputs
which would reduce subsequent residuals processing costs, or even
upgrade the residual as a raw material (e.g., elimination of the multimetal cans, and substitution of aluminum electrical wire for copper
in automobiles);2" or through (ii) the development of more efficient
residuals processing technology. Also, materials reuse might increase
if increased utilization of residuals could be achieved through either
(i) new product uses of these residuals, or (ii) changes in production
processes for final products which could utilize residual raw materials
along with virgin raw material inputs. Technological innovation,
then, represents probably the most important alternative for reducing the unit costs of both residuals treatment and materials
reuse, 26 and for expanding the opportunities for utilizing residual
materials.
from wood, the economic advantage will be sufficient without any legislative push behind
it." The Official Board Markets, Aug. 1, 1970 at 5, 7.
25. Substituting aluminum wire for copper wire would not be free from technological
difficulties. Corrosion at or around the "connections" would most likely present a problem.
26. New developments of particular interest along these lines are: (i) Black Clawson

NA TURAL RESOURCES JOURNAL

[Vol. 11

H. Socially desirable levels of material residuals reuse

The factors determining the socially desirable reuse level are: the
market value of the residual raw material (in comparison to other
raw material inputs), and the reduction in residuals handling and
disposal costs and associated external damages (such as soiling from

particulates discharged from incinerators, and noise, odor, and reduction in aesthetic amenities associated with refuse processing and
disposal activities). If reuse were extended beyond this level, it would
have to be justified on the basis of the social value of material resource conservation per se. This is a very complex issue and different
people have very different ideas on the matter. In this regard, the
price system of resource allocation contains built-in incentives for
encouraging

decreases

in material residuals-through

materials

reuse-for materials that have become scarce. Also, the private enterprise system has been very efficient in developing synthetic (although

not always synthetic) material substitutes, developing new technologies for exploiting previously non-economic deposits, and en-

couraging the substitution of less scarce materials for more scarce
ones in products for final consumption. Thus, in most cases, it is
extremely hazardous to attempt to draw general conclusions regarding the desirability of committing additional resources to the sole

objective of increased conservation of non-replenishable natural
resources.2 7 Consequently, we will not pursue this matter here, or
include it in our economic analysis except as it is reflected in the
market prices of the raw material inputs.2 8
Company's Hydrasposal and Fibreclaim systems which are able to physically recover
residual materials-including paper fiber-from municipal refuse, Chicago TAPPI Discusses
TRends in PaperboardManufacturing, 55 Paperboard Packaging (Aug. 1970) at 30; More
than Just a Disposal System, Compost Science 4 (July-Aug. 1970); Personal communication
with Paul Marsh, Manager of Research and Dev., The Black Clawson Co. Inc., Middletown,
Ohio, (Sept. 4, 1970); (ii) Hercules Corporation's proposed system which will process 500
tons of domestic solid waste and selected industrial wastes and 70 tons of sewage sludge (70
percent moisture) per day, and which is able to recover all materials fed into it. Reclaiming
Solid Wastes for Profit,4 Environmental Science and Technology 729 (Sept. 1970); and (iii)
Combustion Power Co., Inc. (Menlo Park, Calif.) CPU-400 which burns 400 tons per day of
solid waste-the amount produced by 160,000 persons-and produces 15,000 kilowatts of
electricity, approximately 5-10 percent of the total power consumed by that number of
people. Converting Solid Wastes to Electricity, 4 Environmental Science and Technology
631 (Aug. 1970).
27. F. Smith, Material Recovery and Reuse as an Approach to Solid Waste Management:
Economic Aspects and Implications, presented at Hearings on the Resource Recovery Act

and the National Material Policy Act Before the Subcomm. on Air and Water Pollution of
the Senate Comm. on Public Works (Feb. 25, 1970).
28. The question of conservation of our non-renewable resources is a difficult one. The
only case that might be made for conservation of our non-renewable material resources is in
the area of energy conversion. We do have a limited supply of fossil fuels. Breeder reactors
of the fission variety which are safe from the generation and discharge of radioactive
materials to the environment are not yet available. Fusion technology is still a long way off
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Hence, given levels of economic activities (both production and

consumption) in a region, the question is: What is the socially desirable extent of materials (and energy) reuse? 2" To determine the
desirable extent of reuse, we must first specify a criterion for
maximizing social welfare. Minimization of the total costs of producing a product, the costs of handling and disposing of residuals,

plus all external damages associated with remaining residuals in the
environment, is one possible criterion. This is a pure economic
efficiency criterion. Questions regarding the distribution of costs and
benefits among both geographical areas and different income groups
would certainly arise. Thus, in any real situation, the criterion (or
criteria) used would probably be based on efficiency concepts with

some adjustments related to the distributional problems.
OPTIMAL REUSE RATIO: AN EXAMPLE

The economics of solid residuals management, including the possibilities of materials reuse, will be illustrated with a discussion of the
production and consumption (use) of paper products, the paper
residuals therefrom, and the role materials reuse might play in

reducing the direct costs, and the associated externalities, of
disposing of paper residuals.
Gross output of the paper and paperboard industry in the United
States represented about 9.3 billion dollars in 1969.30 In that year
approximately 53.5 million tons of paper and paperboard were
produced, and 58 million tons used. The difference was made up by
the excess of imports over exports, and changes in stocks. Of the

total production, paperboard (including wet machine board) accounted for 25.7 million tons; paper products accounted for 23.5
million tons; and paper and paperboard for construction purposes,
4.3 million tons . 3 ' This is shown in Table 1.
32
During the year, approximately 10.5 million tons of paper stock
with only a small chance it will ever be feasible. Energy from solar radiation is a possibility
but it is expensive in comparison to present costs of energy, and it would require drastic
shifts in the spatial distribution of people and economic activities, and a limited total
population. Personal communication with Orris Herfindahl, Sept. 9, 1970.
29. The socially desirable extent of materials reuse will be different for each material, as
well as for each geographical region.
30. In 1970, it is estimated that the paper and paperboard industry will represent a 9.7
billion dollar industry. This figure includes the value of all products and services of this
industry. U.S. Dep't of Commerce, Business and Defense Services Ad., U.S. Industrial
Outlook for 1970, at 25 (1969).
31. U.S. Dep't of Commerce, Business and Defense Services Ad., Pulp, Paper and Board,
at 26, Table S-6 (July 1970).
32. The terminology is confusing. Reclaimed fiber, waste paper, and paper stock are all
used. "Waste paper" is equivalent to what has been termed "paper residual" herein. "Paper
stock" is that portion of paper residual that is returned to the mill for reuse. Reclaimed
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TABLE 1
Production and Consumption of Paper and Paperboard USA-1969
(1,000 short tons)
Exports'

Consumption 4

22.8

2,088.6

23,628.2

25,560.0

13.7

2,084.8

23,488.9

134.0

9.1

3.8

139.3

23,461.0

7,149.2

590.2

30,020.0

Classification

Production'

Paperboard,
total

25,694.0

Paperboard
less wet mach.
Wet machine
Paper, total
Paper less
newsprint

Imports 2

20,297.0

359.2

462.9

20,193.3

Newsprint

3,164.0

6,790.0

127.3

9,826.7

Construction
paper & board

4,335.0

275.1

59.1

4,551.0

53,490.0

7,447.1

2,737.9

58,199.2

TOTALS

'U.S. Dep't of Commerce, Business and Defense Services Ad., Pulp, Paper and Board, at
26 (Table S-6) (July 1970).
2Combined paper, board and converted products, id. Table S-12, at 31.
'Combined paper, board and converted products, id. Table S-14, at 33.
"Net U.S. consumption assuming no change in stocks.

from paper residuals were used as inputs in the production of paper
and board. The percentage of paper stock (reused paper residual) in
the total fibrous materials used in board and paper production for
1969 was reported to be about 19 percent. Although the total quantities of paper stock used by mills has increased-9.4 million tons in
1959 compared to 10.5 million tons in 1969-the percentage of
paper stock in paper and board products is actually decreasing-26.4
percent in 1959 compared to 19.0 percent in 1969.11 In relation to
the flows of paper products and residuals shown in Figure 1, these
reuse levels appear to have been evaluated as the following ratio:
R1 + R 2
IC
Paper residuals used in paper making have been declining since the
peak in World War II when it accounted for approximately 35 percent of the raw material input for paper and paperboard production.
Some of the reasons for this decline include "contamination" of
waste paper by plastics, metals (paper clips, staples), coatings, and
organic material (garbage, inks, laminants, and adhesives); increased
fiber can be considered the usable portion of the paper stock after preparation, i.e., the
reused fiber which becomes the input (furnish) to the paper machine.
33. R. Gordon, Part 3, Paperstock Review, 55 Paperboard Packaging, Aug. 1970 at 51,
Table C-4.
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costs of waste paper collection as a result of suburban sprawl; and
technological advances in wood pulping, which result in higher fiber
yields from virgin materials and more efficient, less costly production.3 4
Paper represents between 40-55 percent (dry weight basis) of the
municipal refuse collected from residential and commercial establishments.3" Of the total paper residuals (paper stock) used in 1967,
77.3 percent was used in the manufacture of paperboard (including
wet machine), 13.8 percent was used in the production of paper
(including newsprint), 8.6 percent was used in the manufacture of
construction
paper and paperboard, and 0.3 percent was returned to
36
pulp mills.
Trends in the use of paper residuals in the manufacture of selected
paper and board products in the United States during the period
1943 to 1963 are shown in Figure 2. Indicated explicitly in this
figure is the amount of paper residual employed as input per ton of
product for: bending board, construction paper, container board,
sanitary and tissue paper, book paper, building board, and fine paper.
During this period, the weight ratio of paper stock input to product
for bending board varied between 0.65 and 0.85; construction paper,
between 0.45 and 0.55; and book paper, between 0.11 and 0.23. For
container board, the paper stock input: product ratio reached a high
of 0.47 in 1947 but by 1963 had dropped to only 0.21. As depicted
in Figure 1, these reuse levels have been evaluated as the ratio:
R, + R 2 .
IC
In 1969, approximately 87 percent of the total paper residual
reused consisted of the low grade "bulkies"-mixed, news, boxboard
cuttings, and old corrugated containers. 3 The remainder, 13 percent, was made up of highly uniform paper residuals from3 commercial operations such as converters, printers, and paper mills. 8
With this background data, what are some of the factors affecting
the reuse of paper residuals, and how might one determine a socially
optimal reuse level?
34. Bureau of Solid Waste Management, The Role of Solid Waste Management SW-Sc, at
123 (1969).
35. See Am. Chemical Soc'y, Cleaning Our Environment: The Chemical Basis for Action,
at 167, Table 2 (1969); Office of Science and Technology, Solid Waste Management, at 17,
Table 6 (1969).
36. Supra note 33, at 50. The total amount of paper that was disposed of as solid
residuals in 1969 amounted to approximately 40 million tons (total used = 58.5; permanent
records = 7.0; and reused = 11.5 million tons). Official Board Markets, Aug. 1, 1970 at 3.
Aug. 1, 1970 at 3.
37. Official Board Markets, Aug. 8, 1970, at 4.
38. Supra note 34, at 129.
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FIGURE 2
Paper Stock Used in the Manufacture of Selected Paper and Board
Products in the United States*

*Source: U.S. Dep't of Agriculture, Use of Regression Equations for Projecting Trends in
Demandfor Paper and Board, Forest Resource Rep. No. 18, 153-57 (1967).
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A. Some Considerationsin the Use of PaperResiduals
Under present conditions, paper stock comprises about 20 percent
of the raw material input to paper and paperboard production.
Although the relative prices of paper stock and virgin pulp play a
major role in the extent of paper residuals reuse, other factors may
be at work as well. For example, consumers (users) of paper and
board products may employ material specifications rather than performance specs. That is, they may require that the product be made
from 100 percent virgin fibers rather than specifying that it should
have a given strength, softness, or color.
Recently, prices for low grades of paper stock have been depressed
because of slackening production of building paper and insulating
board.' 9 It is a matter of record that the U.S. paper stock industry is
sensitive to activity at the building paper and board mills which
consume some 9 percent of total U.S. tonnage of paper stock. Thus,
a dip in the housing industry decreases demand for the outputs of
building paper and board mills thereby resulting in a soft market for
the low grades of paper stock. For example, when the tight mortgage
money resulted in a sharp decline in housing starts in mid-1967, the
paper stock price index decreased to 78.1 (1957-59 = 100) in 1967.
With the subsequent upturn of housing starts, the index rose to
108.3 in 1969. For No. 1 mixed, the dip and surge were even more
pronounced: from 103.2 in 1966 to 65.4 in 1967, 99.8 the next
year, 110.0 in 1969.4"
Characteristics of paper residuals that would make them-or any
material residual-desirable from the standpoint of reuse are: large
quantities at a single location; uniformity of the paper residual, i.e.,
separation by grades; uncontaminated; high quality fiber, e.g., tab
cards and file folders. Paper residuals having these characteristics are
usually found at converting operations, although paper residuals generated by some types of user activities would certainly fall into this
category, for example, large data processing operations. 4'
Characteristics of paper residuals which are either economically or
technologically undesirable from the standpoint of reuse are: small
quantities from widely scattered sources (e.g., litter); a mixture of
grades of residual paper; paper residuals contaminated with glues,
39. Supra note 31, at 19.
40. Official Board Markets, Aug. 8, 1970, at 3, 4.
41. The Wells Fargo Bank of San Francisco separates paper residuals from their Operations Center and Records Storage Department into the following categories: tab cards;
computer printout; and mixed office. Generation rates for these categories are
(approximately): 12, 6, and 20 tons per month respectively. Letter from Carroll H. George,
Vice President, Wells Fargo Bank, to Thomas H.E. Quimby, Resources for the Future, Inc.,
Apr. 2, 1971.
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coatings, bindings, tape, metal, plastic and/or garbage; and low
quality fiber. Paper residuals of these characteristics are most commonly found in mixed solid residuals generated at individual housing
units.
While discussing these two extreme categories of kinds and characteristics of paper residuals, it should be pointed out that left-over
paper from production (or converting) operations generally receive a
high degree of recycling whereas, at least at the present time, paper
residuals from the individual households-with the exception of
newspapers-are generally not reclaimed. Aside from the fiber quality
and separate or mixed aspects of these two extremes of paper
residuals, the main reasons for this difference in reuse levels are: high
collection costs for the dispersed sources as compared to the concentrated sources; high separation costs for mixed residuals due to
the fact that it is a labor intensive operation, 4 2 and finally, converting (or production) operations generally must pay directly for
residuals disposal whereas the individual householder generally does
not.
B. Optimal Reuse Ratio
For specifying an optimal reuse ratio, we will use the criterion of
economic efficiency, free from institutional constraints. It should be
kept in mind, however, that this is only one of the possible criteria
that might be considered. For expositional purposes, the criterion
chosen to represent society's welare function is immaterial. In an
operational situation, however, it would be most important.
For our analysis, we will assume that the consumption level of a
specified paper product is fixed; that is, it is determined exogeneously. We will, however, use performance specifications rather
than material specifications in our analysis, and will assume that the
products are identical if the consumer of the product cannot distinguish between them in terms of his use of the product. Hence, this
allows in our analysis for the manufacture of products made from
various combinations of virgin pulp and reclaimed fiber. The manufacturer, however, may face very different costs in providing the
same performance from different mixtures of virgin and reclaimed
fiber.
The objective of the analysis is to determine the optimal reuse
ratio or level from the standpoint of society. We determine this by
minimizing the total costs of producing a given product, including,
among others, the costs of residuals reuse; the costs of residuals
42. Some effort is being made to mechanically separate fiber from mixed residuals; for
example, the Black Clawson Company's Hydrasposal and Fiberclaim systems noted earlier.
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collection, treatment and disposal; and all external damages associated with production, reprocessing, and disposal activities.4 I The
latter two categories of costs are important. As previously noted,
producers and consumers have had to pay little or nothing for the
use of the assimilative capacity of the environment. Paper residuals
must be disposed of in some manner, if they are not reused. Such
disposition imposes costs on society-for collection, transportation,
incineration, and landfill operations, as well as for non-market
damages. In analyzing solid residuals management with respect to
paper residuals, the question is "What would the degree of reuse be if
such costs were included?" '4
Before continuing with a description of the system, it should be
pointed out that because the residuals problem is so pervasive, and
because paper and paperboard products and activities are so interrelated with other economic activities, a general equilibrium
approach to the paper residuals reuse problem is really in order.
However, for most practical work, partial equilibrium analyses are
almost always a necessary compromise. Concentration on a particular
product "chain" which, except for specific situations, neglects both
location problems and interconnections with other economic activities, except through exogenously determined market prices, is
purely an heuristic device.
C. The System
In order to discuss the public and private benefits associated with
paper residuals reuse, specification of the system is necessary. Internal flows of materials, raw material inputs, and disposal of residuals
to the environment must be indicated. The production, consumption
(use), residuals reuse, and residuals disposal system is shown schematically in Figure 3. This system excludes, arbitrarily, operations in
the forest and transportation of pulpwood to the mill, including the
residuals generated therefrom. The only input to the system that we
consider explicitly in the analysis is virgin pulpwood. Activity levels
of other factor inputs used in the preparation of paper from various
blends of reclaimed fiber and virgin pulpwood are related to the
reuse ratios.
The system presented in Figure 3 involves the production of a
43. For exposition purposes, we further assume that we are dealing with a deterministic
problem and that supply and demand fluctuations of a stochastic nature do not exist. Given
loss functions (or disutility functions) associated with random fluctuations in supply and
demand, this problem could be broadened to include uncertainty by employing expected
values of benefits and costs.
44. See, e.g., Ayres and Kneese, Production, Consumption and Externalities, 59 Am.
Econ. Rev. 282 (1969); Resources for the Future (Reprint Series No. 76, July 1969).
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shavings; No. 1 colored ledger; No. 1 book stock; No. 2 mixed books
and magazines; and mixed tab cards, file folders). It should be noted,
however, that although some of the grades of paper stock can be
used exclusively in making newsprint-for example, No. 1 news and
other news, and No. 2 mixed books and magazines-other gtades
must be mixed with virgin pulp. It should also be noted that, while
all of the above types of paper stock could physically be used, only a
few of the types would be because they have much higher value as
inputs into the production of other paper products. White, chemical
pulp shavings; and mixed tab cards are examples.
Even with such an apparently simple system as that shown, there
are countless trade-offs that can be made. At the source of paper
residuals generation, for example, the paper residual could be separated from other solid residuals (or refuse) for special pick-up. The
paper could be incinerated at the user's location and the residue
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disposed of via the municipal collection system; the paper residuals
could be stored in various forms for periodic pick-ups of differing
frequencies; it could be compacted and baled on site (to save on
storage space and reduce collection costs) or it could be shredded,
ground, and pulped for discharge to the municipal sewerage
system, 4 s or conveyed in a vacuum system to central processing and
pickup locations. A variety of alternative collection possibilities for
solid residuals also exists. Various collection frequencies, sizes and
types of collection vehicles, sizes of collection crews, curb vs. backyard pick-ups, all are alternatives that might be considered in a complete analysis.
Locations of residuals processing facilities and/or disposal facilities
play an important role in the transport of solid residuals. For
example, are transfer stations feasible and, if so, where should they
be located? Is separation at the source or at a transfer station,
or
4
other central processing activity the more desirable alternative? 6
There are also many alternatives for processing, handling, and disposing of solid residuals. If ultimate disposal is in a sanitary landfill,
volume reduction operations-incineration, compaction, or composting 4 I -are options. As the land available for landfill operations
becomes scarcer, especially near urban areas, and the solids have to
be transported further and further away, volume reduction alternatives become economically more attractive.
45. Organic material such as paper that is ground up and discharged to the municipal
treatment facility might also have some end value, although this additional organic loading
would add to the costs of sewage treatment. For example, the sewage sludge could be used
for a soil conditioner, and if the proper nutrients were added to the digested sludge, it could
be applied as a soil conditioner and fertilizer. The problem with digested sewage sludge
(aside from the handling problem) is that the nutrients-nitrogen, phosphorus and potassium-are separated from the solids and discharged with the sewage treatment plant effluent
to the water course where it may cause problems of over fertilization. What we ought to be
working on in sewage treatment research is a process not just for removing nutrients from
the effluents of secondary treatment processes, but a procedure whereby we might return
both the nutrients and sludge to the land (economic consideration implicit, of course) where
it may do some good. Because of the high costs of sludge disposal ($49 to $57 per equivalent dry ton), the City of Chicago, on a grant from the Public Health Service, has made
plans to determine the feasibility of piping digested sludge to make marginal Illinois lands
productive for agriculture. F. Dalton, Reclaiming Land with Chicago Sewage Sludge, 8
Compost Science 5 (1968).
46. Technological advances are presently being made in the area of separation and recovery of various components of municipal refuse. For example, Black Clawson Company's
Hydrasposal and Fiberclaim systems which are able to physically separate glass, metals and
paper fiber; also Hercules Corporation's proposed system for physically separating all
materials fed into it. See note 26.
47. Some have even suggested composting as a means of reducing the volume of the
material to be placed in a sanitary landfill, thereby extending its useful life as a disposal
area. This would, however, involve additional storage area while composting. Mason, Extending Life of DisposalAreas, 10 Compost Science 26 (1969).
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At the paper residuals processing facility, which is generally
located near the source of residuals generation, the paper can be
shredded (to reduce volume), baled (to reduce the volume and to
facilitate handling both for storage and for transportation to the
mill), and/or sorted into various paper stock grades.
The next operation after paper residuals processing is transportation to the paper mill. The mill may be close to, or many
hundreds of miles from, the source of paper residuals. This will vary
depending on whether the paper mill uses primarily virgin pulp-in
which case the mill will most likely be located near the source of
fiber, i.e., the forest-or primarily paper residuals. In the latter case,
the paper mill will be located closer to the source of the residual;
that is, the urban area. When considering the use of paper stock in
the production of paper, the location of the mill is an important
factor. Consequently, for at least some cases in the analysis, the
location of the mill should be treated as a decision variable along
with the other variables.
The paper mill can either be an integrated pulp-paper mill where
both pulp and paper are made, or simply a paper mill where only
paper is made. In the latter case, the raw material input to the mill
can be virgin pulp and/or paper stock. In the former case, the raw
material input is pulpwood-round wood or chips-and/or paper
stock. As discussed above, an integrated pulp-paper mill will be considered in the example presented herein.
At the paper mill, the paper stock must be prepared prior to use.
First it is disintegrated in water. Then it is cleaned, deinked, and/or
bleached as required. The extent of each depends on the nature of the
paper residual being processed, and on the paper product being
made.
If the raw material input is round wood or chips, it must first be
pulped to permit separation of the cellulose fibers. This can be
achieved by removing the ligneous binding material. Pulps are classified according to origin (e.g., wood, cotton, straw, etc.) and pulping
process (mechanical, semichemical, chemical). The chemical pulps
are further differentiated by the kind of pulping process used (sulfite, sulfate, etc.) and the bleaching treatment used subsequent to
pulping.4 8
Depending upon the paper product, different kinds of virgin pulp
can be blended together to yield a furnish4 of the desired characteristics, or virgin pulps and reused fibers can be mixed. The blending
48. B. Browning, Analysis of Paper 3 (1969).
49. The furnish is the fiber slurry (of approximately a one percent solids consistency)
used as input to the paper machine.
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of various fibers having different characteristics-if it is done at alltakes place after the preparation of virgin pulp and reused fiber, but
prior to conveyance to the head box of the paper machine.
The product output for the example presented herein is jumbo
rolls of newsprint. This product can be made from 100 percent paper
residuals-e.g., No. 1 news, or No. 2 mixed books and magazines-or
from virgin pulpwood-e.g., various combinations of groundwood
pulp and chemical pulp with the former generally comprising at least
75 percent.5 o
After production of the newsprint, the jumbo rolls are transported
to a newspaper plant, and the newspapers are subsequently delivered
to the consumer (user) at various locations-street vendors, retail
stores, office buildings, and residential areas. Paper residualstrimmings as well as jumbo roll protective covers-are generated at
the newspaper printing operation, and the products (newspapers)
after use are stored at various locations for collection and ultimate
reuse, randomly discarded, or otherwise disposed of via the solid
residuals management system.
D. Costs and External Damages
In order to specify an optimal reuse ratio, certain costs and damages must be delineated. We assume for this analysis that the market
price of "virgin" pulpwood encompasses all the social costs of employing this raw material in paper making.
The costs of collection, residuals processing, residuals handling and
disposal, and transportation are all determined by the market and,
thus, readily available in principle.' Non-market externalities are
another matter. We assume the external damages associated with the
production of a unit of product from round wood (or chips) and
from paper residuals, and any combination thereof, are the same
although this may or may not be the case. However, associated with
collection, treatment and disposal activities there are certain "externalities" that must be included in the analysis. The most familiar
kinds are those associated with air and water pollution. The actual
damages suffered will depend upon, among other things, the
assimilative capacity of the environment, all other dischargers in the
area, and the relative locations of emitters and receptors. Other kinds
of externalities associated with collection, reuse, and disposal that
must be considered are noise of collection and processing and/or
50. Am. Paper and Pulp Ass'n, The Dictionary of Paper 8, 12 (1965).
51. As high reuse ratios are approached, however, the marginal costs of reuse increase
significantly. We assume for our purposes that this cost approaches infinity asymptotically
at 100 percent reuse.
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treatment activities and adverse aesthetic impacts of these activities.
Although externalities are very real, they are often difficult to
quantify in meaningful monetary terms. That is, explicit damage
functions are generally lacking. This is especially true for those externalities associated with the inputed or non-market costs.' 2
E. The Analysis
Given the cost and damage functions discussed above, the objective from society's point of view is to choose that level of reuse
that minimizes the sum of the costs of: (1) production of pulp from
virgin material, including the cost of pulpwood; (2) paper manufacturing; (3) paper residuals recovery (including private costs for
separation and preparation), processing, transportation, and preparation of furnish; (4) solid residuals collection, treatment and disposal;
and (5) external damages. These cost and damage functions are
depicted in Figure 4 as a function of the reuse ratio. For clarity, we
show in the figure only those cost and damage functions which affect
the positions of the various optima. Hence, production costs, (2)
above, other than those of "raw" fiber inputs, as well as the external
damages associated with that production, both of which were
assumed previously to be invariant with reuse ratio, are not included.
The external damage function shown includes externalities associated
with both disposal activities and paper residuals reuse activities.
For each reuse ratio, the various costs and damages depicted in
this figure represent the minimum cost combination of the various
alternatives described above. This diagram, of course, is a gross oversimplification of all the costs and damages actually involved. The
functions shown represent an aggregate of a variety of cost functions.
They are depicted in this way only for purposes of exposition. In any
real situation, this analysis would be made using linear or nonlinear
programming techniques, or simulation. The number of variables and
complicating interrelationships would be too great-in any meaningful situation-to be presented in the form shown here.
For this example, the socially optimal reuse ratio is 0.80 and the
optimal reuse ratio for the private market is 0.55. From the municipality's standpoint, of course, the optimal reuse ratio is at 1.0
where the cost of paper residuals disposal is zero. These optimal
reuse ratios are at the points where the respective costs are
minimized.' '
52. Decisions are nevertheless made about these matters, with or without appropriate
damage functions. The political system can be quite sensitive to these unquantifiable
"damages."
53. It should be emphasized that the cost and damage functions depicted here have been
construed to be reuse ratios for which society should be aiming. The fact is we presently
ratios shown have no necessary relationship to the real world and, thus, should not be
construed to be reuse ratios for which society should be aiming. The fact is, we presently
have very little idea as to what the socially desirable reuse ratio might be for a specific
region-even for newsprint.
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From the point of view of society, the optimal reuse ratio is where
all social costs, including damages, are minimized. This is the point
where the marginal costs of employing reclaimed fiber in the production of paper products is equal to the sum of the marginal benefits
(reduction in costs) of using woodpulp; paper manufacturing costs
(assumed in this example to be equal to zero); solid residuals collection, treatment and disposal costs; and all external damages.
But what about the point of view of the private entrepreneur? If
he does not have to pay for disposal either directly or indirectly, his
optimal position with respect to paper residuals reuse will be the
point where the marginal cost of employing reclaimed fiber in the
production of paper products is just equal to the marginal reduction
in costs of using woodpulp and paper manufacturing costs (assumed
here to be equal to zero).
A numerical example of solid residuals management costs together
with the remaining residuals discharged to the environment might be
helpful at this point. B. T. Bower and his co-workers, ' in their
report for the Second Regional Plan for the New York Region have
provided such an example. They estimated for the year 2000 the solid
residuals management costs, including incinerator, wet scrubber, settling basin, plus landfill of the incinerator residue, for two paper
residuals reuse ratios-20 percent and 80 percent. It is interesting to
note that the annual cost of solid residuals management with only 20
percent of the paper reused is about 1.5 times the annual cost if 80
percent of the paper were reused, a difference of almost $100 million
per year for the New York region (31-county area in New York, New
Jersey, and Connecticut). Their estimated costs are $300 million per
year for 20 percent paper reused and $210 million for 80 percent
reused.' s
Almost as impressive are the differences in the quantities of
residuals (particulates) discharged to both the atmosphere and water
courses. Assuming good incineration (10 pounds of particulates discharged per ton of residual incinerated), the particulates discharged
to the atmosphere amount to 1,020 tons per day for 20 percent
reused and 680 tons per day for 80 percent of the paper reused. For
the particulates discharged in the wastewater, and also assuming good
incineration (50 pounds of particulates generated per ton of residual
incinerated, 80 percent removal in the wet scrubber, and 90 percent
54. B. Bower, et al., Waste Management: Generation and Disposal of Solid, Liquid and
Gaseous Wastes in the New York Region 14, 15 (1968).
55. It should be pointed out, however, that this does not represent a net savings to
society. This represents only the savings in residuals management costs. Among others, costs
of paper residuals processing and preparation of the reclaimed fiber, curve (3) in Figure 4,
were not included.
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removal in the settling basin), 20 percent reused paper stock results
in 408 tons of particulates per day whereas 80 percent reuse results
in 288 tons per day.
In order to relate physical quantities of residuals discharged in the
environment to the externalities referred to above, damage functions
would be required. We include this example here, however, to point
out that even though solid residuals are treated and modified prior to
disposal in the environment, externalities, generally, are not completely eliminated. The other reason for presenting this example is to
indicate that substantial savings in residuals management costs could
be achieved by increasing the reuse of paper residuals even without
concern for external non-market damages.5 6
F Public Incentives
Given a "socially desirable" reuse level for paper residuals which
has been evaluated by internalizing all the costs to society, what
kinds of incentives might encourage the private sector to reach that
"optimal" reuse ratio? Without marked changes in prices, and a
reasonable expectation of prices remaining steady and favorable to
the use of paper residuals, there is probably no direct way to increase
private sector reuse significantly in the short run other than through
some form of publically applied incentive. Up to some point, such an
incentive could be justified solely on the basis of: (i) the savings in
direct costs of residuals handling and disposal for a municipality, or
other agency; plus, (ii) an improvement in environmental quality
based on the reduction in "externalities" assoicated with residuals
generation, collection and disposal systems.
For such a scheme, the costs might be internalized through the use
of incentive pricing, such as including a disposal fee or tax in the
price of the orginal product itself-the charge to be proportional or
even equal to the direct and indirect costs the product imposes on
society for its disposal. The proceeds from such a disposal fee would
be redistributed to the residuals disposal agency for operational and
subsidy purposes rather than using funds from general tax revenues.
SUMMARY

As population densities and our affluence continue to grow, the
problems of residuals generation, handling, and disposal will probably
continue to rank as one of society's most pressing issues. And in the
56. However, as noted above, these savings in residuals management costs do not represent net savings to society. There are costs associated with processing material residuals
which must also be included. In order to determine an optimal reuse level, all relevant costs
must be included in the analysis.
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long run, its severity will depend largely on how we treat the problem today. In order to provide economically efficient solutions, a
view of the entire economic system-raw material extraction and
preparation, production of intermediate and final goods, consumption (use) of goods and services, and finally, residuals disoosal-will
be necessary. The piecemeal approaches of today are just not adequate for a long range solution to the problem.
The most difficult obstacles in residuals management are not the
technical ones. They are the social, political, and economic ones.
Central to our current problems is that the private market system,
without public incentives, fails to allocate air, water, and some
aspects of land resources efficiently among all users. One way to
achieve more economical residuals management is to place the costs
of residuals handling and disposal on those who generate the
residuals. Reduction of residuals at the source-e.g., changes in
production processes or in raw material inputs-and materials reuse
may often be a less costly approach to handling solid residuals than
residuals disposal to the environment. One way to achieve a more
efficient allocation of our air, water, and land resources is to place
the costs of the "externalities"-by means of a charge or tax-on
those who discharge the residuals.
An analysis of materials reuse demonstrates that there is a difference between the private market optimum and the social optimum,
and that this difference occurs because the two optima are evaluated
from differing points of view. In order to demonstrate this, the
production, reuse, and disposal of paper was used as an example.
Similarly, steel, copper, aluminum, tin, glass, or organic material
could have been used as the example. Paper merely represents a class
of material residuals, all of which may be analyzed in a similar
fashion. Material flow systems for each of these residuals have essentially the same elements as those depicted in Figure 1 for the
paper example. That is, all have a virgin raw material input component, primary production processes, converting operations, use
activities, disposal activities, and residual processing activities. In addition, the management of each of these residuals raises similar questions regarding the imposition of public incentives at various parts of
the system.
The optimal reuse ratio for most materials, from either the private
market or social point of view will, in general, be less than 100
percent but will vary according to the particular municipality, state,
or region, and the nature of the material. The social optimum will,
except in unusual and extreme cases, represent a combination of
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virgin raw material inputs, reuse of residual materials as inputs,
residuals handling and disposal, and even some external damages.
Further, because of residuals handling and disposal costs, and the
associated external damages, the optimal reuse ratio for the private
market will generally be less than the social optimum-unless, of
course, all costs are internalized, in which case they will be the same.
Public incentives, in the form of subsidies, charges, taxes, or regulation, will be required to encourage the outcome of the private
market to conform more closely with the socially optimal levels of
reuse.
Whether or not a given alternative is considered "economic"
depends on both the criterion used for ranking alternatives, such as
maximization of net benefits, and the point of view of the unit
making the decision, for example, the private entrepreneur or society
as a whole. Decisions will be based on costs and benefits (however
valued) but different activities will face different cost and benefit
functions.
Determination of the socially optimal reuse ratio requires the
generation of hard data-that is, numbers-on material and energy
flows, and on costs. Specifically, information will be needed on
methods of residuals handling and disposal, residuals reuse systems,
production processes, alternative factor inputs to production,
residuals generation associated with each production process, and
finally, the externalities of both a market and non-market nature
associated with production, reuse and disposal. Once the optimal
systems from an economic point of view are determined, an analysis
of the social, political, and institutional constraints precluding the
achievement of such systems can be analyzed, and the types of institutional mechanisms and incentive structures to achieve the
efficient systems can be indicated.
However, the above information is precisely what is presently lacking, yet comments are still made such as "our present material
reuse rates are way too low," and "one hundred percent reuse is the
only long range solution to our problems." Without facts there is no
basis for judging whether or not statements such as these make any
sense at all. It may be that some situations already impose large
external damages in materials reuse operations, in which case the
present reuse ratios may be too high; in other situations, they may be
too low.

